Carbon tetrachloride (
GOT and GPT levels of the culture medium were significantly higher as compared with those of controls (Fig. 1) . The enzyme leakage was much more remarkable at 24h-exposure. Even with 0.1 mM CCl4 exposure some leakage was seen.
Untreated cultures showed a nearly confluent monolayer of polygonal hepatocytes and three to six negihbouring cells contacted each other by PCM (Fig. 2a) . Each cell had one or two nuclei and clear cytoplasm with a PAS-positive marginal zone and some SBB-or ORO-positive lipid droplets (Figs. 2b and 2c) . At 24h-culture with or without 0.1% DMSO, lipid droplets were either decreased in number or disappeared, while PAS positivity still remained.
At 3h-exposure to 0.5mM CCl4, cytoplasmic lipid droplets were increased in number, and the cytoplasm of some cells was diffusely PAS-positive at various degrees. EM revealed lucid cholesterol clefts appearing in the lumen of aggregated smooth surfaced endoplasmic reticulum (sER) (Fig. 3) .
At 6 h-exposure, lipid droplets were numerous and diffusely distributed in the irregular-shaped cyoplasm (Figs. 4a and 4b) . A number of cells were PAS negative (Fig. 4c) . EM revealed an increased number of enlarged cholesterol clefts and various sized lipid droplets in aggregated sER and Golgi complex (Fig. 5) . A few cells showed de - Fig. 3 granulation of rough-surfaced endoplasmic reticulum (rER) with dilated lumens , where myelin body structures were present (Fig. 6a) . Aggregat ed choresterol clefts were surrounded by perox isomes (Fig. 6b ). There were swollen and metamorphosed mitochondria with poor cristae (Fig. 6c) . Glycogen granules were reduced in number as compared with non-treated control cultures.
At 24 h-exposure to 0.5mM CCl4, certain cells were necrotized being detached from the plate.
PCM revealed that most cells had a great number of larger lipid droplets (Figs. 7a and 7b) showing considerably metamorphosed organelle. Most cells were PAS-negative and a few cells showed a dark cytoplasm. By EM a number of lipid dro pleFs were shown to be deformed, and degranulat ed rER were disorganized with dilated lumen. A few cells were shown to have aggregated sER or rER, irregular-shaped mitochondria, and remark ably larger cholesterol clefts (Fig. 8) .
After exposure to 0.1mM CCl4 for 6h, lipid droplets were slightly increased in number, and After treating with 2.5mM PB for 6h, cultured hepatocytes seemed to be metabolically activated showing abundant ER areas (Fig. 9a) . The subse quent exposure to 0.5mM CCl4 for 3h, the num ber of cytoplasmic droplets and vacuoles were increased more remarkably than in case of non-PB Fig. 9 . Gerbil hepatocyte culture at 3 h-exposure to 0.5mM of CCl4 at 6 h-treating with 2.5mM PB (a, b), and at 3 h-exposure to 0.5mM of CCl4 after 6 h-pretreating with 2.5mM PB (c). PCM.
treated control cultures (Figs. 9b and 9c) . The lumens of ER, Golgi complex, and nuclear mem brane were considerably distended and a number of larger cholesterol clefts were produced within aggregated sER in PB-treated and CCI,-exposed cultures (Fig. 10 ).
Discussion
The primary culture of rat or mouse hepatocytes has been reported to be a useful model for CCl4 sure to more than 5mM of CCl4. In this study, cultured hepatocytes from gerbils, which were known to be susceptible to CCl4, were shown to be very sensitive to the chemical. The leakage of GOT and GPT as well as cytopathic changes were observed already after 3 h-exposure to 0.5mM of CCl4. Exposure to 0.1mM of CCl4 also induced a mild enzyme leakage and some lipid accumula tion at 24h. These findings agreed with liver cell injury induced in vivo in the gerbil treated with CCl4. The fat accumulation in the liver occurring shortly after CCl4 treating, might result from blocking of lipoprotein secretion in consequence of convalent bindngs of CCl4 metablolites with the cell structure16,19,20. However, it was reported that no severe fatty liver was produced in the gerbil after CCl4 administration7.
In the present cytopathic study, the cultured gerbil hepatocytes were shown to have remarkable lipid deposits being ORO and SBB-positive after CCl4 exposure. In gerbils naturally living in dry environment, lipid catabolism might be of importance for energy production, and this species of animals normally has a higher lipid content in the liver than the rata. The lipid droplets in gerbil hepatocytes were reduced in culture without reduction of glycogen.
The lipid accumulation in cultured gerbil he patocytes exposed to CCl4 seemed to result from blocking of lipid metabolism, lipoprotein secre tion, or lipid catabolism.
In the present study, characteristic cholesterol clefts appeared in ER areas of cultured gerbil hepatocytes at a very early stage of exposure to 0.1 or 0.5mM CCl4. The clefts increased in size and number with time course at higher concentration of CCl4, suggesting that CCl4 inhibited cholesterol metabolism.
The hepatocyte secretion of very low density lipoprotein (VLDL)18.14 integrating choles terol might be inhibited by CCl4, while no choles terol clefts have been described in the rat he patocytes exposed to CCl4. The gerbil is known to respond promptly to dietary cholesterol showing a marked rise of its serum level and considerable accumulation of cholesterol ester in the liver10-12 These findings might be due to a low grade turn over of cholesterol including its catabolism in the gerbil liver. The appearance of intracellular clefts of cholesterol ester in CCl4-treated gerbil he patocyte culture might result from the inhibition of cholesterol catabolism. Cai 
